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ABSTHACT 


A  .’Nummary  of  il)c  proccsj*  used  sit  Ti'siiwlli'on  for  the  **P  on  N”  solsii* 
cells  Is  iJivsenlctl.  Iliese  luive  been  suiiei'cediHl  by  the  more  i‘nUi:illon  resistant 
"N  on  P**  tyi>o  cells. 

Problems  In  ofttlml/.lnt;  the  junction  depth  of  solar  cells  are  discussed. 

'Use  results  of  diffusion  exiKTlments  arc  presentitl. 

'Ilic  calibnitiun  of  solar  cell  stamhirds  and  artificial  lluht  systems  for  the 
testlnn  of  solar  cells  Is  discussed.  Special  attention  Is  Riven  to  the  problems 
encountered  In  usInR  a  tunRSten  artificial  IirIiI  sotircc  to  determine  the  efficiency 
of  solar  cells.  Kxperlmcntal  results  are  presented  which  validate  the  theoretical 
discussion. 

Hesults  of  electron  bombardment  ex|)erlnu*nts  on  "P  on  N"  awl  ".N‘  on  P" 
solar  cells  arc  Riven  which  show  the  "N  on  P’*  cell  structure  to  Ik*  approximately 
five  times  more  resistant  tothimaRC  by  2  Mev  and  700  Kev  eliftrons.*  Klectron 
bumixirdment  experiments  on  ’*.N  on  P**  cells  fabricated  at  Traiisitron  are  presented 
which  aRiee  with  the  results  obtained  with  the  SIriwI  Corps  “N  on  P"  cells. 

The  fabrication  of  Transitron  radiation  resistant  "N  on  P"  solar  cells  is 
discussed  and  the  process  as  developed  thus  lar  is  Riven. 


PL’KPO^: 

The  objective  of  this  cuntenct  Is  to  conduct  ivsearch  Invest l^nt Ions  leaUlnp 
to  the  Improvement  of  tiK*  practical  <*fflclency  of  silicon  solar  cells  to  twelve 
per  cent  or  higher.  This  program  also  Includes  studies  Into  ntethotls  tlutt  will 
result  In  high  yields  and  techniques  tlwt  will  |XM*mlt  nuiss  production  of  these 
more  efficient  cells  at  the  lowest  |>osslble  cost  for  a  1  x  2  cm  cell. 


NAHHA  IIVK 


ON  N”  CKLL  KAAKiCA  no.v  srM.M.\.rr 

IIk’  I*  'i.t  .V  ffll  hilii  icjMuii  prtvi’ss  is  |MH'Si*iiUtl  in  ;i  .sinipliliv't 

lonu  III  Tiililr  Alter  llie  silieuii  <*r\sl:il  luis  Uvii  eul  inlii  I  X  ‘2  X  .0>  enr 

sliees  It  IS  ele:iiieil  in  .1  s-iliiii-ni  >.  ;i.t  i,i.nii.s  ul  |>'>)a.ssiiiiii  i!iehitiin:i:i‘.  lO  e.e. 

cli.slillc  il  water,  aril  :uu  e.e.  stil|»luine  acitl.  ai  Il^V.  riiutiHl  in  i|t)v\in*;  «listilletl 

water  lui  .j  iniiuiie.s.  phieed  In  a  I  ir.inaal  M>l.iii'.>tt  n!  sikIiiiiii  li\«lru.\itle  a'  I'iJ^C 

l•.•r  live  iinr.iiles.  and  rnsetl  ajjain  in  llmvinc  liisillled  water. 

Tile  sIUh  h  are  la|»|K-d  tin  t»iie  side  with  lUOO  ^nt  jniwder  and  I'l.  M  il 

In  llnwiii};  waler  lur  a- 10  niiiuiles.  ‘I'lu*  sliees  ai'e  then  ele’ieil  in  an  aeld  einniinsed 
« 

•I  I  |>arl  iiiirir  aeni  ami  I  pari  Indp.iiliirie  aeni  (i  iltl)  until  the  .sin  laee  i.s  Infill 
eteli'-i .  Hie  .sliees  are  rinsed  in  water  anil  in  alenli-.il  and  driei’. 

Hie  hiirun  dilliisinil  i.s  d  »iie  In  plaeinit  Ixirnn  and  i,i»  mIi.ii;.  .sii- 
ill  a  ca|i.siile  wliieli  i.s  ei.ieiialed  to  a  pi'eSMiie  e:  less  than  1  niieror  d  nieieiir>. 

Hie  ea|i.sale  is  then  plaeed  in  a  .urnaeeliai  iiik  a  1.  i'ii>>-raliii\  lieiwei-n  loitii  ’c 
and!  too*  C.  After  .1  .sneie.sslul  ilillusion  ilie  slieel  uss  .si  1  .  m  .ilemt  IOAq. 

The  eells  are  then  eleaiied  in  enaeeni rated  livdiollurie  arnl  e.-  .i  iii  ne  aii>  nvidi- 
wliieh  ini.ilit  have  aeeuniulalei!  -.ni  ilu-  t  ell.-. 

.Mter  die  .'ll  O  anli-rei'leelai;’  enalin^  has  lu-i  n  e'.ap  iraled  niuo 
llie  l!i|i  .surtaee  nl  ihe  eidls.  ihe  iiluniiniini  j'riil  nni.'i;;nrali  m  i.s  ei:ip<iraled 
niil.)  Ihe  t  Ip  .sill  laei"  and  allayed  in. 

Ihe  eells  .lie  then  eleaiied.  the  h.’iek  surlace  . 'raj;h  lapped,  and  Ihi! 

Ii  nrii  stirl.iee  masked  i-i  i  .sp-.i.se  inilv  die  ..tr.il  i  ()nli;'iii  airm.  The  eells  are 


•ubaoquently  •ItcOroUM  nickel  plated  on  Ike  frid  and  Ike  entire  rear  aurCiee.  .  * 
•  • 

The  oella  are  fluxed,  dtp  aoldered  and  eleanad  In  acetone  to  remove 
the  flux*  The  edgea  are  aoraped,  and  lapped  to  remove  apjr  tracee  of  aolder  or 
nickel  plate.  The  cells  are  covered  with  becawax,  the  odRoo  alripped  of  the 
wax  and  wiped  with  alcohcd.  The  cella  are  then  etched  to  a  eompo*lflo<*  1 
part  48%  hydroflurio  acid  and  3  parta  70%  nitric  acid  for  30  aeconda.  rinsed  in 
distilled  water  and  etched  again  for  30  aeconda.  Thta  procedure  inaurea  clean 
edges  and  increana  the  ahunt  reaiatance. 


*The  electroleaa  nickel  plating  aolutlon  used  la  daacribod  la  '*Eleotroleaa  Nickel 
Plating  for  Making  Ohmic  Contacts  to  Silicon",  M.  V.  Sullivan  and  J.  H.  Elgler, 
Journal  of  Tlie  Electrochemical  Society,  p.  226,  April  1957. 
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TAIJLIM 

•l*ON  N“  CKLl.  KAIUUCATION 


DIKFUSiON  STUDiKS 


The  sivcinil  response  of  a  solar  cell  is  quite  sensitive  to  chitnijes  in  the 
depth  of  the  Junction.  For  deep  junctions  the  iong  wawlength  response  is  quite  hikkI 
bee.ause  ionj;  vvavelenptit  (  I  inierun  )  pliotons  are  absorlied  well  Insltk*  the  hulk 
region.  Consequently.  If  tlie  Junction  Is  dec|K‘r.  the  prohiihiiity  tlut  the  minority 
carriers  cre.«ited  by  the  long  vmeelength  pitotons  will  reach  the  Junction  Is  Incrcasctl. 
lioue\ei .  tile  iifetiine  of  tile  minority  carriers  in  tiie  diffused  region  l.s  much  .snuiller 
tiuiii  tile  lifetime  of  tlie  minority  carriers  in  the  bulk  region,  so  tint  nuiny  of  tin* 
minority  carrier.s  crcatetl  by  short  wavelengtii  (  .a  micron  )  photcnis  in  the  diffused 
legion  <io  not  reaeli  the  Junction.  By  moving  tin*  Junction  closer  to  iIk’  .surface  of  the 
cell,  more  of  tlie  short  wa\tdength  photons  are  absorlx-d  in  the  bulk  region,  creating 
minority  carriers  which  luve  a  long  lifetime  and  are  likely  to  Ik-  colleeteii  at  the 
Junction.  For  solar  cells  which  are  taix-  energized  by  nalui-al  suniighl.  the  snuil 
loss  in  long  w.ivcicngth  response  due  to  the  shallow  Junction  configuration  Is  of 
little  eoiicerii  since  the  preiwnde ranee  of  photons  are  eiiillled  in  the  short  wave¬ 
length  region. 


TiK-re  is  .  unfortunately,  an  iip|x?r  limit  to  the  slialbiwness  of  the  Junction. 
Thin  Junctions  give  rise  to  high  .series  resisLince  in  the  diffused  layer,  since  the 
cross  .sectional  area  is  quite  snuill.  This  situation  has  Ix-eii  alleviated  to  a  great 
e.xtent  by  the  u.se  of  a  conducting  grid  configuration  on  the  u|)|K-r  surface  of  the  eel!. 
Thin  junctions  are  CAtremely  vulnerable  to  surface  defects  which  occur  either  in 
the  processing  or  in  subsequent  lundling.  Smtill  surface  scratches  will  pierce 
through  the  diffused  layer,  resulting  in  a  low  shunt  resistance  or  high  leakage. 


SUKlif.*:  It^vl•  k'cn  oa  iIk*  relallon  IxMWivn  ellicioncv  yU'ltl  aiul 
(iiffujiion  ilim*  (  which  «k-ifrn>infjj  Uh*  juneliun  Utlckiu*!*!* )  ai  a  cunsiani  UMiuvniiurc 
*Tho  rcsulijs  arc  pivscnicti  below  (  Tabic  I  ).  ami  arc  wlui  ooc  would  c.\|vci:  luimcly. 
ilui  wlih  slulimver  Jimciloiut  the  shori  circuit  current  Incrcascji  tiue  to  the  linprovcti 
collection  cfflclcncv  of  the  Junction,  but  the  u|vn  circuit  voltage  ticcrcascs  Ivcainc 
of  lower  shunt  reslsiniuv.  The  opilinum  diffimlon  tlim*  seems  to  lx*  120  inimues. 
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CA  lJIJHATipN  OF  SO l-AH 

Oiit*  of  iIh?  iiiosi  coniiuon  piobliMiiH  t‘iic‘uiii)icn*(i  in  ilio  ic.-tiing  ami  calibniiiun 
of  solar  tflls  Is  iIr*  InhL'reitl  iiiis-nuilch  Umwccii  the  piiutm-wavi  leiiKlil  (lislrlbuiion 
of  artificial  li|;lit  sources  (usually  a  tuii}iSten  soiirct*  luiviiii:  a  ctilor  teni|HM*:itnre  of 
aijout  2S00**  K)  and  the  111101011-1^:1  velcn|*l It  distribution  of  naltti*ai  snniii'lit.  The 
tuni'sten  source  emits  iiiutv photons  of  iotiK  veaviMminth  and  fewer  photons  of  short 
wavelenRtli  than  uatuitil  snnIiKlit  of  C{|u;il  enerj:\-  intensity.  Therefore,  a  cell  Itivinu 
a  ixirticular  efficiency  under  tuii}:sten  li|:ht  of  :i  s|K*cific  cnerjri-  iiitcnsitv  will  not 
iieces,s;ii;ily  have  an  identical  efficiency  under  natnrai  siuilij'ht  of  the  .same  energy 
inlensiiy.  For  extimple,  if  a  cell  having*  a  weak  loii|;  wavelength  re.s|»on.se.  hut  a  relatively 
stroni;  .short  waveiength  respon.se  is  measured  under  a  tung-sten  light  of  a  S|KTific 
energ>*.  it  will  haw  a  lower  efticlency  tiuin  if  it  were  measured  under  natural  sunlight 
of  tile  same  cncrg>‘.  it  would  now  lx*  aiipropriate  to  descrilx*  the  present  melliod  of 
calibrating  a  suiiukird  and  to  di.scuss  the  di.sadvantages  of  lids  melhwi, 

A.s  a  nvillcr  of  eonvenienee  cell  effieieney  measurenienis  are  nxiile  under 
light  intensity  which  eorres|)oiids  to  1.21  gni-cal/cnr-niin  natural  sunlight  energy 
inlensiiy  The  sUiiubrd^eells  are  nx-asured  in  natural  sunlight  by  employing  a  nurm:il 
ineidence  Kppley  pyrhcliometcr  to  obtain  the  energ>-  inlensiiy  of  the  sun.  Since  the 
short  circuit  eiirrcnl  is  direcllv  proportional  to  the  light  inlensiiy.  the  v;iluc  of  the 
short  eircuil  eurrenl  under  1.21  gm-eal/em"-niiii  mui  can  lx-  calculated  bv  the  ratio 
of  1. 21  to  the  aclu;il  energy-  intensity  of  the  sun  (  as  read  from  the  iiorni;il  ineideiiee 
pyrheliomeler  .)  The  indoor  tungsten  source  is  then  calibrated  from  these  cells  by 
adjiisling  the  light  intensity  .so  that  the  .short  circuit  current  is  the  same  as  the  short 


«  « 


firnin  cunvm  (corrfcii*«l  for  lowixTatun*  and  lor  l.>*l  cnr-inin  sunll};liO 

which  Ihc  ^tniKieirti  cNhiblUtl  uiuKt  lutnni)  ituiin};hi  It  would  lx*  ctniwnlcnt  to 
titat  now  thc  urtiftclal  Huht  source  corrvs|>ands  to  natuml  sunlijjlH  of  I .  Jl  Kiii-cal/ 
cnr-niin.  siiut*  the  short  circuit  current,  whlcli  Is  a  measure  of  tlie  mimU*r  of 
minority  carriers  .nrrivlnuat  tlx*  Junction,  of  the  stanibird  ix*ll  »s  ideniic:il  to  the 
I  21  Km-cal/cm‘-mln  sunliKhi  value.  However,  this  Is  only  true  for  this  ivirtlcular 
stnmLird  or  for  cels  lu\ln};  exactly  the  same  s|vctral  respanse  as  this  stambial. 

Table  III  shows  a  series  of  cells  aiul  their  short  circuit  currents  under 
natural  sunli|>ht  intensity  :iml  the  i*atloof  the  sunlit^ht  Ise  rc.ndin}:  to  the  artificial 
liRht  Isc  readluR  It  is  at  once  oinious  titat  differences  in  S|vclral  res|Kinse  IxMwecn 
cells  compariHl  to  one  another  will  result  in  different  ’'etpiivalent"  artificial  liRht 
**e;illbration‘*.  deiwndiiiR  on  which  cell  Is  e.sed  as  a  staiukird  Only  transfer  staiubrds 
haviiiR  tlK*  same  S|K*etrai  respon.se  as  the  cells  to  lx*  tested  can  lx?  ased  in  determininR 
solar  cell  efficiency  under  tunRSten  IIrIh. 


10. 


RADIATION  RESISTANCE 

In  ihe  Second  Semiannual  Technical  Summarj*  Report  the  resulla  of  sewral 
experimenta  Involving  electron  bombardment  oI"N  on  P"and  "P  on  N"  were 
presented.  It  was  shown  e.xperi mentally  that  the  '‘N  on  P"  cells,  which  were 
furnished  to  us  by  Mr.  J.  Mendelkorn  of  the  Signal  Corps  Research  and  Dcwlop- 
ment  Laboratories,  were  far  more  radiation  resistant  than  the  "P  on  N"  ceils. 

Additional  c.xperimcnts  concerning  the  effects  of  electron  bombardment 
on  "N  on  P"  and  "P  on  N"  solar  ceils  have  been  performed  using  electrons  having 
an  encrg>*  of  750  Kc\*T  which  corresponds  to  the  cncrg\-  possessed  In'  the  majority  of 
electrons  existing  in  the  heart  of  the  Inner  Van  Allen  bclu’The  relative  efficiency  of 
an  "N  on  P"  and  a  "P  on  N”  cell  as  a  function  of  electron  bombardment  Intensity  is 
shown  in  figure  1.  The  "P  on  N"  cell  had  an  Initial  efncicncy  of  11 . 05%  while 
the  on  P"  cell  had  an  Initial  efficiency  of  10.7%.  However,  after  the  first 
bombardment  (3. 1  x  lO^"*  cl/cml  the  efficiency  of  the  "Pon  N"  coil  had  decreased 
to  7. 15%  while  the  efficiency  of  the  "N  on  P"  cell  after  this  same  bombardment 
had  decreased  only  to  9%. 

From  spectral  response  measurements  It  has  been  found  that  in  cells  of 
comparable  initial  efficiency  and  lifetime  of  minority  carriers  in  the  bulk  region, 
the  lifepath  in  the  P  region  of  the  "N  on  P"  cell  is  approximately  6  times  larger 

♦  Produced  by  a  Van  de  Graaff  electrostatic  accelerator. 

♦♦THE  GEOMAGNETICALLY  TRAPPED  CORPUSCULAR  RADLMION 
by  J.  A.  Van  Allen,  J.  Geophysical  Research,  No.  11,  Nov.  1959. 


Ifri 


than  the  lifepath  !n  the  N  region  of  the  "P  on  N"  cell,  after  j*ubstanital  bombardment . 

A  factor  of  2.S  can  be  explained  by  considering  the  ratio  of  the  mobility  of  minority 
carriers  in  P  and  N  type  materials.  The  reasons  for  the  additloiul  factor  of  2. -I 
in  the  lifepath  of  the  minority  carriers  in  the  bulk  region  of  the  *'N  on  P"  ceil  have 
not  yet  been  thoroughly  e.xplalned.  It  implies  a  sixfold  difference  in  radiation  sensitivity 
of  the  lifetime  of  the  minority  carriers  in  the  bulk  region  of  two  cell  structures. 

The  relative  lifepath  of  the  minority  carriers  in  the  bulk  region  of  "N  on  P" 
and  "P  on  N"  cells  is  shouit  as  a  function  of  electron  bombardment  intensity  in 
figure  2. 

As  a  result  of  these  experiments  a  program  was  instituted  to  develop  radia¬ 
tion  resistant  “N  on  P"  solar  cells,  the  fabrication  of  which  is  described  in  the  follow¬ 
ing  section. 

Experiments  were  performed  on  the  first  "N  on  P"  cells  developed  at  Transl- 

tron.  "N  on  P"  and  "P  on  N"  cells  underwent  incremental  bombardments  of  2  Mev 

electrons  and  the  decrease  of  short  circuit  current  under  low  level  light  intensity  was 

observed.*  The  results  of  a  typical  set  of  experiments  Is  shovi  In  figure  3.  Although 

the  short  circuit  current  of  the  "P  on  N"  cell  was  initially  14.  8  ma,  the  short 

circuit  current  of  the  "P  on  N"  ceil  has  fallen  below  that  of  the  "N  on  P"  cell  after 

13 

a  bombardment  of  approximately  only  10  electrons  per  square  centimeter. 

These  experiments  were  made  on  coated  cells.  No  damage  to  the  coating  was 
observed  during  these  runs. 

*  Early  "N  on  P"  cells  were  subject  to  high  contact  resistance  and  hence  high 
series  resistance.  Low  level  light  intensity  was  used  to  minimize  the  effect 
of  series  resistance. 
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Subsequent  experiments  were  performed  ai  a  more  ad\-anced  stage  of 
•*N  on  P"  solar  cell  development.  Three  "N  on  P"  ami  three  **P  on  N'*  Transitron 
solar  cells  were  subjected  to  Incremental  electron  bombardment  by  2  Mev  electrons. 
The  current  -  voltage  curw  of  each  cell  was  extracted  after  each  bombardment  and 

the  maximum  efficiency  determined.  Current-voltage  measurenumts  were  nwde 
under  2800^K  tungsten  light  having  an  intensity  which  corresponds  to  solar  intensity 

O 

of  1.21  gm-cal/cm“-mln.  These  measurements  are  shoun  in  figures  -1-9.  The  de¬ 
crease  in  cell  efficiency  ns  a  function  of  electron  bombardment  intensity  is  shown 
In  figure  9.  From  the  curves  of  figure  10.  It  can  be  seen  that  a  25%  decrease  in 
cell  efficiency  of  the  "N  on  P"  cells  occurs  after  approximately  five  times  the 
radiation  which  causes  the  efficienc><  of  the  "P  on  N"  cells  to  decrease  by  25% 

^  The  time  lag  between  electron  bombardments  and  cell  measurements 
ranged  between  1/2  and  70  hours.  Howewr.  cells  which  haw  been  electron  bom¬ 
barded  about  sLx  months  ago.  exhibit  no  noticeable  change  in  efficiency  since  the 
last  bombardment,  indicating  that  any  annealing  effects  arc  negligible  In  the  addl- 

t 

tional  six  months. 
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CONCLUSIONS 


It  Is  clear  that  further  inx-estlgatlon  Into  the  mechanisms  which  are  re¬ 
sponsible  for  the  increased  radiation  resistance  of  the  ‘’N  on  P”  solar  cell  structure 
Is  absolutely  necessary  if  theoretical  and  practical  optimisation  of  the  mechanisms 
are  to  be  achieved  Such  Invcsitgatlons  are  being  initiated  at  Transitron. 

The  tremendous  value  of  radiation  resistant  solar  cells  cannot  be  under¬ 
estimated  especially  In  the  field  of  space  technolog>‘.  The  electrical  systems  of 
present  (fay  satellites  will  not  function  when  the  power  output  of  the  solar  cell  array 
(which  Is  used  to  charge  a  batterv*)  goes  below  approximately  75%  of  its  initial  power. 
Hence,  a  decrease  of  about  25%  In  the  efficiency  of  the  solar  ceil  array  results  in 
power  failure.  The  lifetime  of  the  electrical  power  system  depends  on  the  radia¬ 
tion  encountered,  and  the  effect  this  radiation  has  on  the  solar  celts. 
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V-I  CURVES  OF  ”N  ON  P"  CELL  AFTER  VARIOUS  BONfBARDMENTS  BY  2  MEV  ELECTRONS 

FIGURE  7 
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V-I  CURVES  OF  "N  ON  P"  CELL  AFTER  VARIOUS  BOMBARDMENTS  BY  2  MEV  ELECTRONS 
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V-I  CURVES  OF  "N  ON  P"  CELL  AFTER  VARIOVB  BOMBARD  ME  NTS  BT  2  MBV  ELECTRONS 

nouss  • 


"X  ON  P’lSOlJlK^KLLS 


jXnjOpUCTlON 

Durini!  IlK.  early  i.rl  „f  1360.  ,he  Solid  Sl.ale  DIrlalon  ol  USASHDI.  uiulert...!, 
a  MiKly  ol  .he  locvrllea  „r  N  «,  ^h,, 

Mr.  W  Cherry  and  J  Mendelkorn.  Ii  »a,n  found  by  Tran.nllron  and  In-  otiK-rn  Ibal 
•  X  on  I-  eelin  tad  a  Rrea.er  radla.Ion  re,nln,anc-  In  IUkI,  eaernn  elee.ron  ta.ntard- 
■nen.  dam  -|>  on  N-  celln.  The  .hre.shold  for  radladon  .fc,nn.Ke  wan  aino  lueher. 

Tlnae  re.sulus  whieh  h.ad  been  oinalned  In  •  X  on  l>-  eelin  Blivn  to  nn  by  tin- 
USASIIUI.  were  eon f I,  and  some  time  later  when  Trannltr..,.  b,  ai;rtvtn-nt  with 
,  the  Signal  Cor|.s  deetded  to  itrotlnee  -X  on  l>-  eells  under  the  |.reneiit  contraet 


KAHKICATION  PHOC ESS 

The  process  thnii  we  use  lo  maiiufaclHre  "N  on  !»••  evils  is  very  similar  to  Hu- 
one  ilisclosed  to  us  In-  J.  Mendelkorn.  Hofvever.  some  slmplirieailons  liave  k-en 
inlrodueed  to  facilitate  pro<luctlon  of  nuiv  cells  and  also  to  allow  the  de|wsition  of 
a  },M-id  contact  on  the  X  layer. 

Tlie  'X  on  1>"  cells  are  fabricated  usin^  sInKle  ervstal  I>  type  silicon  of  als.nt 
1  ohm-cm  resistivity.  The  crystals  are  first  cut  into  slabs  1  cm  .n  2  cm  and  then 
sliced  into  slices  0.  5  mm  thick.  The  surface  Is  pre,x.red  by  lappinjj  and  etching  pre¬ 
ferentially  as  we  want  to  have  a  smooth,  shiny  surface  e.xcept  under  the  eonLiets 

where  some  roughness  helps  to  obtain  a  good  mechanical  contact  wlh  the  nickel 
plating  which  is  used  subsequenllv. 
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A  two  /one  fiinuct*  is  used  for  iIk*  diffusion  of  pliustiliorous  into  ihe  P 
vviifors:  iho  lomiKM'niuro  :iiul  llim*  are  sot  to  Rive  a  juncllon  depth  of  about  I  micron. 
The  diffusion  takes  place  in  n  pure  dry  nitri'i'ei)  (dov  |>olnt  -  7o‘*C»  atmosiduTe  aiul 
the  silicon  wafers  are  cooled  at  a  slow  rate  (  2^  C/inliuitc)  to  preserve  iifetinK*  as 
much  as  |>osslble. 

After  diffusion  the  wafers  are  lap|K‘d  on  one  sitle,  cleaned,  and  eteheil  in 
UK  to  dissolve  tin*  o\idc  layer  formed  durinR  the  diffusion. 

The  contact  on  the  P  tyiK*  bulk  Is  made  by  alloyiiiR  aiuiuinum  to  it:  this 
oiM'i  ation  is  followed  by  nickel  platinR  Iwth  on  the  aluminum  and  on  the  top  surface 
which  luis  Ix'cn  previouslv  omsked  to  obtain  a  Ri  ld  structure. 

After  an  anti  reflect  ion  caiting  is  evaporated  onto  the  wafers  they  are  snider 
di|)|K‘d.  The  edRCS  are  Rround  to  remove  any  excess  suliler.  The  cells  are  now  ready 
for  testiiiR.  The  process  is  summarized  in  Table  III. 


PHESKNT  STATUS 

The  maximum  efficiency  attained  at  Uds  date  for  "N  on  P"  solar  cells.  1  x 
2  em.  is  1 1. 5%. However,  no  "N  on  P"  .solar  cells  h.avc  as  yet  Iwen  mc.asure<i  under 
natural  sujdight.  so  that  the  efficiency  is  measured  under  tiuiRslcn  liRht  iisinR  a 
"P  on  N"  standard  cell  of  the  same  jiuiction  depths  as  Uic  "N  on  P"  cells.  This  Is  not 


completely  satisfactory  because  the  spectral  response  of  these  two  lyix?s  of  cell  are 
different,  cspeciaily  for  short  w.'.v«dcngths,  even  if  they  have  the  same  juiction 
jcpths  and  equal  bulk  lifepaths. 


TABLK  IV 


Silicon  Sin3:le  Crysuil 
I  ohni-cm  P  tyix* 

I 


i 


jSliccs  .5  min  thick  ^ 
l^irfacc  PrciKiratToii^ 

~T  _ 

Diffusion  Phosphorous 
•function  deptlt  1  micron 

[Ticntow  Ixtck  N  layer 
I  Clean,  etch  jn  H K _ 

_ i _ 

j  Alloy  Hack  Contact  I 
~ 

[Plate  Nickel  on 
•Vont  ajuJ  Hack  Contacts 


"N  ON  P"  PKOCESS  OUTLINE 
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PUNS  KOK  THK  NKXT  PKIUOl) 


Further  work  will  be  done  on  the  fabrication  process  of  tin*  radiation  resistant 
**N  on  P"  ceils  to  optimise  tin*  elftclencv  and  radiation  rt*sistanc<*  of  the  cells.  This 
will  include  investii^atiuns  into  thi*  iia  cii.’tiiisnis  responsible  for  tin*  Increased  nidi.ntion 
resistance  of  the  "N  on  P"  evil  structure. 

The  results  of  pruion  bombnrdineni  of  the  "N  on  l*‘*  indis  will  bt*  exaituited . 
and  additioiuil  electroit  imntl)nrdnK‘ni  e>:|K’rinients  will  ix*  |x'rfurim-d. 

The  use  of  photoresist  methocLs  in  tk*  deiMstion  of  the  grid  ccnfigniation 
and  in  the  selective  etching  process  will  lx*  euiliiHted. 
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CONFEHENCES 


On  July  21,  I960.  Mr.  Pierre  Lamond  of  Tnuisllron  Electronic  Conwrailon 
allended  a  conference  at  the  Signal  Corps  Research  and  Dewlopmeni  Uboraiorles. 
At  the  time,  calibration  of  standard  solar  cells  was  also  discussed. 

On  December  8,  I960.  Mr.  Plexre  Lamond  attended  a  conference  held  at 
the  E\-ans  Sigtial  Corps  Laboratories  where  radlallon-rcslstanl.  hlgh-efficlency 
soLnr  cells  were  discussed. 
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PAPKIIS  PUKSKNTEU 


0»  October  20.  19G0.  Mr.  Paul  Iternwn  of  Tninsliron  Klecironlc  Corp¬ 
oration  prc.sented  a  |W|K‘r  entitled  •*lladlatlon  IXinw^e  in  Silicon  Solar  Ceils  Usiij; 

730  Kev  and  2  Mev  Klcctrons**.  at  a  meeting  on  "Kadiation  Damage  to  Semieondiietor 
by  High  Knerg>'  Protons",  held  in  Washington.  1).  C. .  and  s|)onsored  by  the  Natioiuii 
Aeronautics  and  Space  Administration. 
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